Exercise 11.1
Exercise 11.1

1. (a) a =0, b = 4, and f(x) = 2 — 2z, 80,

A:c=4;0=%and$ =0+ﬁ=$ﬁi-‘“do

I (22 — 2x)dz=lim Zf[“]- = lim :l [[#]1 i 2[%!]]%

{fm]

. 47 328 - [ea< R
- pm (2 (30 - 230
{m] [T}

l-l

[64]11(11 + 1)(2n +1)_ (3nin + 1)]
u—o- n3) n? 2

— him [0 + 22 + &) - 20 + 7))

64 k?) 128 _32_16
21)2) — F(1) = -

(b)) Az = '1—'-87——0 - % Therefore,

if(x.} Ax = %il‘(z.)

{wm] {m=]

= 1[705) + 701) + £05) + Q) + F2.5) + £3) + £35) + £(4)]

_ -%[—0.75—1—0.75 +0+4+125+3+525+8] =15

(c)

(d) Since f(x) =22 —22 <0 for 0 <2< 2, and f(z) 20 for z > 2, the integral can
be interpreted as A, — A,, where A, and A, are the aress shown in the

diagram.
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2. (@) a = —2and b = 3, so,
3—(—2 _ 5 . T, = —2+5‘, and,

n n

J (1 — 4z)dz = lim Zf[ 2+ 33 - nu_g__i [1 —4(-2+ %‘]}%
= ]i qu] li [ﬁ —_ ]
,.11“.. - [ pal? - i z 1-1

fe=]

- [_ — (Lo n(n ] - lim [45 - 50(1)[1 + ﬁ]]

n—%es

=45 —50 = — 5

Az =

(b) a =0and b =1, so,

Az-l—;-—o—%andzi=0+i=

11+ 42— 62z = m SoAHh - i 31+ o8) - i
e Y]

feml

i

7 and,

. nn + 1) 6n(n+1)(n+l)
= Jin [4n + (&R0 AD _(5) ]

—nli_l.n_[1+2(l)[l +%]-1[1+%]{2+%]]-1+2-2-1

(c) a=0and b =1, so0,

Az =10 langz —04 i =4 ang

s - um 3o - i 30 (k- m 3

=]
- Jim —J"""T*“"’ SRR (R

n—wiln

(d) a =1 and b = 4, so,

Az—4;1—%nndz.—l+%’.lnd,

4 n n

(x2 — 6)dz = li 1 + 32 =i [1+3!2—6]%

[t —odn = i S + 3R - i S [0+ 3

-l 1+6’+9‘ ],—,-1 [—15 + ni+2—"ni’]
13| o[- ¥+ 838

le]

= lim [ 15,, +[ ]n(n +1) [%}n(n - 1%(21; + 1)]
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-=nu_|.n_[-1s+9(1)[1 +4) + Zaft +,l,[2+,l,]]-—15+9+%1(2)-3

3. (a) a =0 and b = 3, 8o,

x =% and z; = %‘, and,

] (1 — z3)dz = lim Zf[:”]_n - lim [ [3I]E - lim Z [ 2‘7iz]

fm]

- nlun_[ Z = 272 ,z] lim _n _ (271n(n + 1)(2n + 1)]

foml

- nli_gl_[3 - %7(1)[1 + 32+ %]] -3 %(2) -—6

Since ] —x2>0for 0 <= <1, and 1 —22 <0 for z > 1, the integral
I:(l — z2)dx can be interpreted as the difference of areas A, — A, where 4, and A,

j A

are shown in the diagram.

A

(b) a =3and b =S5, so,

Az =553 =2 and z, =3 + %, and,

E(2x — T)dz - .li_!'.i [2[3 +4) - 7]% - "“"‘n"'[ z * Z ]

[T
- lim [— 2n + (& ]"("‘*'1)]- lim [—2 + 41 +,l,]]-—2+4.-2

Since 22 — 7 >0 for = 22. and 2x — 7 <0 for z Si’ the integral
I:(2x — 7)dz can be interpreted as the difference of sreas 4, — A, where A, and A,

are shown in the diagram.

-
-

A

Bl

12 4 §$°
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4. Ax =232 and 2z, =a + (252}, and,

[sas = 1 3o + o) -y 3 o + L7 CF)
- i 3 [+ 2l ) + [ o)

- smft T T+l 3 4 LR D

fem]

= lim

n —*es

az[b —a), 4 2t =9 n(n2+ D 4 (b=9) nin + Ln + 1)]

= lim [a2b — a) + alb — aP)f1 + 1) + & ‘” P2 a1 + i)z + n]]

Yl"-

=aib —a) + alb —a)® + {b —a)’ = }b® —a?)

s. (a) Using the method developed in Chapter 5 to sketch f(z) = 23 — 4z, we
have for headings A — H:

A. The domain is R.

B. The y—intercept is f(0) = 0. The z-intercepts occur when y = 0, so they are
0, +2.

C. fl—z) = — 23 4+ 4z = — f(z), therefore, f(x) = 23 — 4x is an odd function.
The curve is symmetric about the origin.

D. ..li-.“l. 3 — 4z = o and nli.lg‘ z3 — 4 = — oo, 50, there are no horizontal

asymptotes. The denominator of 23 — 4z is 1, 8o there are no vertical asymptotes.

E. f/x) = 3%2 — 4, 80, f'(z) >0 when z > ;—3 or < — % and f/(z) < 0 when

- % <z < % Therefore, f is increasing on [— oo, — —] and [ {_. eo] and
decreasing on [— =, ‘r]

F. f(z) =0for z = + 2 r Therefore, by the First Derivative Test.

f[— ‘T-ti] Lssi is a local maximum, and f[ ‘r] “Tﬁ is a local minimum.

G. fz) =6x = f”(x)>0 for >0 and f”(x) <0 for z <0,s0 f is
concave upward on (0, =), and concave downward on (— oo, 0). Thus (0,0) is the

point of inflection.
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(b) a = — 2, and b = 2, so,

Az-—and:n,==—2+ ,and

2 z .
I # — a21az = tim S~ 2+ 8YE) = Jm S [(-2 + 4 - (-2 + 93
- [T )

g im]

- lin [ g4 4B 6L 647 g 16t](%]

n
. 1256 3 _ 384 2 l
I >t >3

[ An + 1 (n +1)X2n + 1) nin + 1
256]n (n +1)° _ (384)n(n + )( n %8] 2+ )]

n?)

= lim

n~tes
=

-
n -h

= 1im [64){1 + 1) — saw(t + 2)2 + &) +sant + %]] — 64 — 64(2) + 64 =0

(¢) flx) = z3® — 4z is an odd function, and therefore the symmetry of the curve
about the origin demands that 4, == 4,. The integral can be represented by the
difference of areas A, — 4, = 0. In fact, I:,J(x) dxz = 0 for any integrable odd

function, for the same reasons.
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Exercise 11.2

7 .
1. (a) J 2dz = [22] = 2A7) — 2(— 6) = 26
-6

s
(b) I 6z — 7 dz =[6 z
-1

; -:1 = 7zL =35 = %5)) — [3(—1)? = (- 1)] = 30

P 2 3}
— 2 - X z
(c) | l(5 + 4z — 6z2)dzx [Sx + 41 i 62 1I

=(10+8—-16)—(54+2—2) =—3

1
(d) r(t’+6t—-l)dt=[§t’+3t’~—t]: =:+3—1m=]
(e I (x3—::2+4:c)dz-[}x"—§z3+2::2]:l—[‘1§—§+8] G+i+2) =2

2% + 1)dz =[5z + 2] =k +1 =1.01

. |
O S T

rl 9 4

i Jz* 4z4

(l) J, x‘dx b [TL = g
8

. y 2 [ g
Q) 3—¢:la'.-3:t:3 =34 —-1)=9

J,
) %1 J[1+ + ]dz-[z+ln|z|——T

-[2+ln2——]—[1+ln1-—-]-‘—‘+ln2

M I[ﬁf SLERS [ (§ +2) =[¥2 + 1n2] =@ + 104) @ + 101) = A1 + 1n2)
. , .

64 64 3 u[‘
) s 3 11
I .]y[l + 3ﬁ]dy—‘|l [yz+ye]dy- %.*.6:’_1‘ -%4_1_212‘”-_3_"3‘"

Nig

(n) | (8z + cosz)dz = [422 + amz]: [1’2 -+ l] —0=7%2 41

LIE -]
oI

(o) J (secrtanz)dz = [secz] = % o]

o

381




Exercise 11.2

b

() F(3sine — sec20)d8 = [— 3cosf — tanO]z -(-:-¢)-(-%- 1)

4

=132 -1 -3

2. (a) I(x‘ —22° 4+ 4)dz = }z® — jx* + 4z + C
. " 7

(b) z’ﬁdzsjzidz —-2%2+C

© |(t +2)at =4 +2mitl +C

@ |(1 +4z)’dz = [(1 + 20z + 2)dz =2 +“—’3”- +%’f+c

[ 3 1 z 2
x —95 H -4 4z4 _ 20z4
(e) .Tr;dz-][z‘—Sz ‘]di-T—T'*'c

(f) |(cos® + sinB)dd = sind — cosd + C

(@ |(5z* — 2csczcotz)dr = x5 + 2cscx +C

() |Qecsc?z +1)dz =z — 2cotz + C

1
3. (a) I e*dx = [e‘-']:, =-c —1

1 1 :
ar = 2| =12 —1) =3~
P |45 S [mz]_l w3l — 8 = zimz
) 5

2 " 1
(c) g s dzs[sin"z]g—g—o-g

Jo l - 1:2
R .
o gde = 12[ta'n":z]:ﬁ =12(5 -3 =x

rl ’
3 2 .
(e) --1[:: +1 4+ g)de -[’—5— + 2 + 3tan ‘z]_l
—E+1+3)-G-1-9) =T

0
¢9) I (2e* + sinz)dz = [2¢* — cosz:ﬂ, - (2—1)—R2e*+1) = —2e~"

4. The Fundamental Theorem of Calculus (p. 501) holds true only for functions
that are continuous on the closed interval over which you wish to integrate. In
this case we require f(z) = z-* to be continuous on (-2 1) However, [ is
clearly not continuous at z = 0 (which is in [— 2, 1]), and therefore we cannot find

r_zx-* dz using the Fundamental Theorem of Calculus as shown in the text.
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Exercise 11.3

1. (a) Let u = z2, then du = 23:&:1:.

(b) Let u = Inz, then du = 9Z.
(c) Let u = 5z, then du = 5dz.

(d) Let u = sinz, then du = cosxdzx.

2. (a) Let u =1 — 22, then du = — 2xdz.. So — jdu = zdz, and,

2(1 — z22)'%dx = I— wtdy = — Zu' +C = — 41 — 2" 4+ C

o

(b) Let u = 5z, then du = 5dz. So, }du = dz, and,
i

eszdx =J§e“du =iet +C = le5* +C
!

(c) Let u =z — 1, then du =dz. So,

5 3 ) 3
JJx—ldx=Iﬁdu=§u2 +C=§(:¢:—1)z +C

(d) Let u = 22 + 2z — 6, then du = (2z + 2)dz. So idu = (z + 1)dz, and,

z +1 ld
dex=fﬁ=%lnlul+C-§ln|z2 +2z —6|+C

3. (a) Let u = x2 + 4, then du = 2zdz. So idu = zdz, and,
[
z(x? + 4)°dz = F%u'du =tut+C =Lz +4°+C

Eb) Let u = 23 + 2, then du = 3r2dz. So jdu = z2dz, and,
Pz"‘ z? + 2dz = .gﬁdu -=§ug + C = g(z-" + 2.’)‘22 +C
.(c) Let u =x + d6, then du = dz. And, -

F(z +6)'°dz = F

ul%dy = tull + C = Lz +6)'"' +C

(d) Let u =3z — 1, then du = 3dz. So idu = dz, and,

LIS TRV [ RS | S Ll Y
| o il | 7 L 3. +C [ TC

(e) Let u = 3z, then du = 3dz. So idu = dz, and,

'3

sec’3zdx = jgseczudu = ltanu + C = %tun3z +C

(f) Let u =1 4 2z4, then du = 8z°dz. So jdu = z?dz, and,

(1 4+ 2z4)z3dz = I%udu =u? + C =1 +229 4+ C
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(g) Let u =sinz, then du = coszdz. So,
r

sin‘zcoszdx = qudu =1ud +C = %sinsz +C
(h) Let u = Inz, then du = %&. So,

3 2
“la'c‘xdx=jﬁdu-2'§3+c-?&‘3i’.z+c

(i) Let u =t3, then du = 3t?dt. So idu = t2dt, and,
r

tlet’dt = J};e“ du = ge" +C = %et:’ +C

(j) Let u =1 —z, then du = —dz. So —du = dz, and,

1 = | _du _ _ Y. sl
|1 _zda:—j T Inlz] + C Injl —z|+C

(k) Let u = 3 — 2z + 1, then du = (3z? — 2)dz. And,

Jizs —2z + 17 u? 2ut 2@ — 2z + 17
(1) Let u = \Z, then du = 9Z. So 2du = 9Z, end, '
.Je_u vz, then du e o 2du & an |

Jls‘_&'?_z_xdm - IZsinudu = —2cosu +C = —2cosYz +C

(m) Let u =3 — z, then du = — dx. So — du = dz, and,
r

e"’dﬂﬂ=l—e“du- —et+C=—€""+C

(n) Let u = cosz, then du = — sinzdx. So —du = sinz'dx. and,

§
ecsginzdr = J—c“du = —et 4+ C = — % 4 ¢

:o) Let u =1 + tanz, then du = sec’zdz. So,

m sec’zdz = ]ﬁdu - %ug +¢ - %(l - tnn:o.'.)g +C

.(p) Let u = z2, then du = 2zdz. So ;du = zdz, snd,
.xsin(:c?)dx - J%sinudu = —lcosu + C = — jcos(z?) +C

'(q) Let u = cosz, then du = — ginzdz. So — du = sinzdz, and,

sinzsin(cosx)dz = ]— gsinudu = cogsu + C = cos(cosz) + C

(r) Let u == tan™'z, then du = dz So,

- 1 + 2%’
-1
jar Zdz - [u du = Ju? 4 C = Jten~'zf 4 C
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4. (a) Let u =2z + 1, then du = 2dz.
When 2 =0, u =1. When z =1, u = 3. So,
1 3
I e***'dz = I jerdu = [ge"l = j(e® —e)
0

1

(b) Let u =1 4 5z, then du = 5dz.
When z =0, u = 1. When z = 2, u = 11. So,

2 11 11
1 d 1 266
|sisre-] -l o] - -#len-1)- a8
(c) Let u =4 — x2, then du = — 2xdx.
When z =0, u = 4. When z.=2, u = 0.. So,

2 0 3
J.:t‘l4—x2dz:=l —fyl‘z_tdu=[—§u5 = — 10 —8) =3
o 4

(d) Let u = «t, then du = xdt.
Whent =0, u =0. Whent =1, u = *. So,
1 x
: i i 2
Jsmwtdt=‘[s‘—.',‘r-3-‘du=[—°—°::—'i]o-—%[—l g s
0

(o]
(e) Let u = sin#f, then du = cos6dé.

When § =3, u =1 When 8 =3 u =1. So,

o[-l

,ul 2u
2

NI

(f) Let u = x5 4+ 1, then du = S5r*dz.

When z =0, u = 1. When z =.1, u = 2. So,
1 2

.[ z4(xs + l)sda: =I lusdu = [3‘3“6]1 =64 —1) =3 = 2.1
0 1 i

(g) Let u =1 +— then du = —d’:dz

Whenz=-,u-3 When z =1, u = 2. So,

2
L[l '::c] B L_ wSdu = [— bus| = — 464 — 729) = %5F -

(h) Let u = 322 4 6x — 4, then du = 6(z + 1)dz.

When £ =1, u =5. When z =2, u = 20. So,
p2

(@ + 1es="+se=4dz = | le=du = [t = ew — €9
- 1 o

5. (a) Let u = cosz, then du = — sinxzdz. So,
tanzdz = :g;‘;dz - g—’—“ = .— Inju| + C = — In|cosz| + C

.(b) Let u = sinz, then du = coszdz. So,
I““’d = d“ = Inju| + C = In|sinz| 4+ C

cotrdz = ey
385
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10
6. Since f(z) = ,|4z +1>0 on [0, 10}, then l 44:: + 1dz can be interpreted as

the area between the curve of f and the z—axis. °

Let u = 42 + 1, then du = 4dz.
When z =0, u = 1. When z = 10, ¥ = 41. So,

10 a T 3
A =I 4z + ldz —I Nudu = [éu’]: [412 ]
0 1 &
7. Since f(x) = cos[%:] >0 on [0, x], then I coc[%]dz can be interpreted as the
area between the curve of f and the z—axis.

Let u = 5. then du = idz..

When 2z =0, u = 0. Whenz =7, u = 5. So,

i

A= Lcos[%]d:n = Ll’cosudu = [2sinulf =21 —0) =2

8. Since y = e2* >y = e~ on [0, 1], the area bounded by these curves on the

given interval is:

A= J [ezz - e"-'-']d:: -=I

1
For J e2rdzx, Let u = 2z, then du = 2dz.

1
e2xdxy — J e~ Tdx

o

1

0

When = =0, ¥ = 0. When £ =1, u = 2. So,

1 2
I e2=dx -J jerdu = [%e“ = 3(e2 — 1)
0 0

For | e~*dz, let u = — z, then du = — da:

“{henz—ﬁ,ul—o._ Whenx—l.u—-—l.So,
Je"‘"dz =l —e*du = [— e"I,'}-l —e-!

0 0
Therefore, A = }(ez — 1) — (1 —e~!) = ez —3) +e!

9. (a) Let u =z + 1, then du—ﬂ—_
z = P-ﬁ—'-‘ =2Injul + C'=2In({Z +1) +C

e Bl R, s Uil
.ac+~l?cda5 Iﬁ(ﬁc+1)d

[OR: Let u = Yz, then u? = z, so dz = 2udu and

1 = | 2udu _ - - C
.z+&dz Iu2+u 2[u+ldu 2Inju +11+C 2z +1)+C ]
(b) Let u =z + 2, thenz + 1 = u — 1, and du = dz. So,

[z + 1 =1 1
| Erx ke ["—u—au-][l —Ydu =u —mul+C =2 +2 —Injz +2[+7




